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In the conventional polishing method, the deviation of the polishing direction may 
result in polishing stripes. Therefore, in order to improve the surface roughness, it is 
necessary to polish with the same position of the tool. In addition, when polishing is 
performed using the end face of the circular tool, a circumferential speed difference is 
generated in the radial direction, and material removal becomes unstable. In this study, 
in order to solve these problems, a rotation and revolution polishing (RRP) method was 
designed to polish aspheric lens molds. The conventional polishing removal model can 
only predict the depth of removal during fixed point polishing. In view of the above 
deficiencies, a material removal profile model for moving and polishing was established 
in this thesis. The removal was related to the contact pressure at that point, relative 
linear velocity and feed rate. The pressure and relative linear speed were modeled 
according to the contact and tool attitude. The polishing removal depth for the unit path 
length was integrated.  
In chapter one, the definition of aspheric surfaces, aspherical curve equations were 
introduced. The current ultraprecision manufacturing process and measuring method 
of the aspherical surface were described. The ultraprecision machine tools with 
excellent performance were also described in detail. The purpose of the research and the 
composition of the doctoral thesis were elaborated in this chapter. 
In chapter two, the rotation and revolution polishing method was proposed as a 
polishing method for an aspherical lens. The polishing tool rotates around the rotation 
axis and revolves with the revolution axis. The revolution axis is perpendicular to the 
polished area and just passes through the contact center. Both axes are in the same 
plane and maintain a fixed angle. With such a tool structure, the direction of the 
movement path of the tool in the contact surface continuously changes during polishing, 
and the directionality and uniformity of the path can be improved. The 3D modeling 
was built using SolidWorks software. 
In chapter three, the mathematical model of the fixed point and single path scanning 
type polishing was studied. The characteristics of material removal by rotation and 
revolution type polishing was discussed and described. The workpiece entire surface 
was polished, and the characteristics were discussed. The experimental results of entire 
surface did not reach a smooth plane, and it was thought to be caused by the frequently 
changing polishing direction. In the end of this chapter, we expanded on the previous 
content and built a material removal model at the vertical bisector of the corner. 
In chapter four, the small-diameter polishing tool was used to mount the three-axis 
CNC machine tool for the entire plane polishing. The mathematical theory was modified 
and the RRP method for point, line, and surface was optimized. A model based on the 
Preston equation was built and validated. A polishing experiment on the electroless Ni-
P substrate was carried out, the polishing characteristics were discussed. The XY-YX 
polishing scan path achieves high surface quality. Roughness of Ra 0.12 nm could be 
achieved. 
In chapter five, the conclusions of the paper were summarized, and the prospects for 
future research were also presented. 
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実現し、Ra 0.12 nmの表面粗さを得ることができた。 
第 5章では、本研究で得られた結論をまとめ、今後研究の展開を述べる。 
 
 
 
 
 
